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irM-±^m^mm, 34 ( 4 ) 453 

^453~472, y&61 ■ 8M (1986) 



Serratia : 

W _ £p * ^ 



Sft 03 8i ^ s ^ 24 a 



/w vi*ru T? Serratia t E. coli . 4: Ofi-&lS«||ikS:ff ^ r U)B^£S*wI^ ^SffiW^ffi 

o*51fM!fcetfft#&,- **L^fflOfBBa*Hfc LTllftSi|»*«Jit:fcifS. 
{2) IS£3MIftO ^©RH^OfeaUB* tt«< . ' «B*ftte*T *> R^&«<0 Semito 

I?* JnL £ ibfcRH^&tfo Serratia ^O^fcfcSJoRH^teiitt, -^H^ 

(3) S^l+RtMo Serra^ oM^l^Wc^^, 8#8t»*5 .&mi& 

(4) GM GM jaSttBd^ttUTV**, ^cofcfc GM HttjBo4m#'AtF 

(s): GM «a+S GM M& Serratia *s 10 ceUs/ml JaTt'>ftv^tt, f^ffi|fr£ 

fta a t B <& Serratia (Dl£M:t>* 10 7 cells/ml ^£^*t*Ltf GM Hit t£ . Smarts *i^E^-r Z>Mt>*& < ; 
SferrofM «9B4d s 10* cells/ml ^fc^**t*l*«*±*«piB*i"««ld^36^fc 0 

^tt^^S^J: 39 Serratia ^RB^feSt%x5t, Serratia tt*ix@f*as*»»ttS-T? 

*£T? Serratia -sORg^O^a^^^^t^iibtiSo R»^S:K»L#S»ffiBi: * "=» 



TV * s i.u.z3.M.43.43.sT.ao) o Serratia ttXftlittl&Bd^ 
<, ^^^Wttao^^(iRB^S:i#^Tv<^^<0^ 

XX^ P, aeruginosa if S*t, @toT 

s a fc ffls o saw $ * is - «- »■ 42 « * 7 - 63 »c »* 
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B:flr**Kfl*aS*, 34 ( 4 ), Bg61 - 8 E 



fiBWf WHittl* A/ 4f3£* fc £ JxT*5 9 2M H 

Serratia /vCRHWfiSttBt^^^S^te* 
%cot^xk*x5<, Serratia nR^^ 6 J; < 
SK"*?****^ Serratia ^<D RST^teMteKl&F^ 

Serrate* fc^trttftB^ttb"^"^ 

rafuz *5RH : F*S«-a9#aiiiii*ttBi:**Ci:**+ 

BBK5Mi« , *> Serratia ^<o Rm^<ofc&ft t 

*W%fi in vitro ^Serratia t E. cqli CQfE^^S 

a. «^*ttfcJBv x fcttJB*l* 
Serrate «: Sgrrfliifl H38, Serratia H38RKM <D 2 
SttfcfltfflLfc. &rr»lk H38 »4Eft**E*»» 

(rif) fctaafFffi S:^"f bacteriocin ^^^Sr^i" 5» 
gentarnicin (GM) tai^SttlT^D, RH^tift 
ttXV^ < Ci/> ( , Serratia H38RKM ft, Serratia H38 
frc kanamycin (KM), neomycin (NM) &ft£feR@rM 
T KM BttRHTfcW) 

i: 9»feiT,fc*fe"e. KM WiSRH^Srfib*-*-* Ser 
rarta H38 COHStf: GM tCttgSSH:® 

.. .arii.Ji. co'K..C tol SH38, £. co/i C tol 
SH38RGM 0 2lft^tfffl E. coli C tol SH38 
f±, rifampicin (RF) »tt<0 co/i C (rifO <E>^g£fc 
t?, Serratia H38 bactcriocin (cjp}U"CiH 

E. coli C tol SH38RGM ft, E. coli C tol 
SH38 K carbenicillin (CBPC), gentarnicin (GM), 



dibekacin ~(DKB)7~kanamycin"(KM)r neomycin (NM) 

»&R@^ (UT GM BttRB^iBMSF) 
IfS^^iOflbixfc*^ GM iffa&RS^fc 

flt^-t-S ^ C tGl SH38 £k"?*>^° 

b. Ht©ffi«flE«*tt 

£. co/j r± RF £ co/i C (rif r ) 8r, Serratia 

ft Serratia H38RGM SrfiE^Ufco Serratia 
H38RGM ft, £. co/t C tol SH38RGM <fc 9 Serratia 
H38 GM »ttRH : Ffc*'&«rJ-S£ i <£ 9&<b 
*L*£}*T% GM KtiRB^&tS^-rS Serratia H38 

fc D flEfflSHHtUX tetracycline (TC), chloram- 
phenicol (CP), sulfonamide (SA) f streptomycin (SM), ^ 
carbenicillin (CBPC), gentarnicin (GM), dibekacin 
(DKB), kanamycin (KM), neomycin (NM), polymyx- 
in B (PL-B), rifampicin (RF) coilM® U*: c 

iftg (MIC) jPflffiffiK:* UT»> 10 e cells/mi JftltfcT 
fc!J5£Urt:o W5£flH6*fc LTW: Muellar Hinton 
(MH) agar (Difco it) fcffiJBbfco MH 
broth (Difco 37°C, i8»PJ*&«Ufe«*S: 10 6 

cells/ml fc-ftS J: 5 5. £ n ^7 - 

^t*m^*^t«±k;*mu 37°c, 

%i<n W W<£> m m £ *> -=» "C Wife u o 
3. ffiffl^ttCT; bacteriocin SttSiWftft 
Traub £><o:£& S5 U;ilp mitomycin C KRffifc 
i5*tl«c^ bacteriocin KttflBSrfftWUfc. -Ttt 
^■^^sBBtt^ Trypticase soy (TS) agar (SfeW) ^ 
WUCim. 33°C f IBHFMiStttftK:, -o<0 colony £ 
BT/ TS broth 2.5ml 33°C T 

6WBB**b/fc« *co*ggl?£ 2 ml fc TS broth 7 ml 
KH&aU TS broth 9ml t tt 33°C -C2«P 

B^St^o 10/ig/ml O mitomycin C 1 ml 
x. (mitomycin C <D&1&nBLft 1 /ig/.ml). 33°C *t? 
8 B#^i^SL./c Q ^:<D^a^^^ p btJwI'A lml i 
XttT20El^<^^b, 1.000^; 10#Mift't>U *c<0 
±^?KS:^!£) HtibCtLS: bacteriocin ftfc U/n 0 ^ 

TS broth t? 33°C, 18«pMS*L. 
10" a TS agar 2 ml ffilra, 

te^lcRv^oTftftS, bacteriocin % 0.05ml 
£«&TU 33°C, 18ftH*«a*»*WHJhS:«*U 
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W-MtfL RF 25/ig/ml ^1fc9 BTB agar, Serratia co 
•■^fflaW^Stt PL-B 12.5*g/ml ^<D BTB 
agar fctEffl CfcTB*«f«fe:r GM W&RH^£§ 
GM Bttlt^^>fc Serratia (UT GM »tt 
Serratia OSflffifflaSlTKW:. PL-B 12.5 

pg/ml A: GM 6.25/ig/ml BTB agar Srffiffi 

SR^SOtatttRlitSfc*, Heart Infusion 
(HI) broth (9Jflff) -C 37°C, 18«WSfiUfti^ttfitt 

BTB ^«-i:*oa*T4E»ctt*U 37°C, 
mik*ti?n<v¥-m^$i-r$> colony Srft^f-Jttt- 

HI broth x : 37°C, 18«FRa»*LfcttS««3*§l*Sr 
0.1ml fiSEU 37°C, 18B#H*aa^S5^-rs col- 
ony Sr&xfco 

^^r, *s««ojRKfc.5vM±aa>te*w*«> o.i 

ml «:a*??F*te8#U 37°C, 18RfflJgB&fcR± 
-T-S colony 'fca^r, Ufc. fc«Mg. 

o.imi feaRWmafcftu. 37°c, isbs 

Me*«te£: < rolony »jRi3Bfe'6,ti* 
*^£B«tt"10edls/ml UT:oWe?F«Tfcijft 
1 log cells/ml * LTf+HLfco 
5. S£tttt«R 

a. fi-&*S«H*<0 Serratia, B. coli <Di% 
T,' J: 5 /jjMfeStf 5^fcttWt5 IftT Ser- 

ffiJSttttW: Serratia H38, £o/t C tol SH38 
fflUyto HI broth t? 37 °C, 18H#HUS«Ufc Serratia 
H38, *>5Wi JE coli C tol SH38 £, *»J8SBt?Wt 
HI broth frc 102 cells/ml S-&«ST-M:*;lxfc 
Jq^TftStt 10' cells/ml £i6SL.-C, 37°C, 24B# 

m»«s*u &s?&6, 12, 24mms>c&wm<o± 

b. GM igftlO Serratia (Serratia H38, Ser- 
r*f«z H38RKM) GM ittR8?fe«*t« -E- 
coli C tol SH38RGM £ <oR-&*&tti6ifc 



tt«#HM£o &rra#k fc*aSi: LTS£*« 

JHfeSrfrW Static ^<oRH^<otei»»ji*:*teD 

»4Bt ur« GM jB&RB^£»*i-£ cotf 
C tol SH38RGM Srfflffl U §§Bi UTf* GM 31 
&]f&£ftlt<£> Serratia H38, Serratia H38RKM co 2 
Sg£{£fflL7c<, HI broth Tr 37°C, 18»BBifiHlL.fc 
K^Ii:$fl&4i^ffl^&^ <«J»« 10 7 
cells/ml 10 7 cells/mi, tfc-^M 10 7 cells /ml + 

10 3 cells/ml, ^t^-M 10 3 cells/ml+ gs^M 10 7 
cells/ml) -e HI broth ^^^Ilt, 37 °C, 6B$fa 
t£B*SSLT, £<D*gg?K£: HI broth foSV^te GM 

HI broth- T*10ffe*iNUte« -Tfcfc>*> C 
Slml £, — ^iiS*^ HI broth 9ml fc^Jg, 
5 — GM <g^r*o HI broth 9 ml (Aft GM ®S 
a* lOOjig/ml) KggUT, **V?*l, 37°C, 24&M 

Serratia, if GM fcH£R SrSW £ o Ac GM 
B& Serratia 0«aH<9£ttfto8IU£tt. S^Sffi 
tt6B#RaS. 10fS*JK^6 f 12, 24WfHB#CRlr\' *■ 

1 . ffiffl®§<D!Sa&Stt(Table 1) 
a. &m Serratia <dWM&9Ml 

Serratia H38 CBPC 1c*f Ltlgt^lTfe^ 
fcj&s, aminoglycoside *3HBKit Uf W:ffi2ttB"C 
-<fcofc a Serratia H38RKM « KM pfcH£RB 

S«^C^*36S& KM, NM te»-UTiB-. 
iHlttit^oT^te,. Lj&>L GM Kl*tUX»± t 
rflfifl H38 i H«tCjl8$itHT?a>ofc« Serratia 
H38RGM » GM ittRBf Sr»*i-S7c2* ( S« 
GM, DKB, KM, NM f£ 2£K:tt^X&mM&.Wh *o 
Tv^fco Serratia <D3W1fok t> FL-B K^fU 

R coli C (rif r ) i: ^. coli C tol SH38 tC #f-J- ^5 
mn<0. MIC Ji^: < 1^ UflT*& 5 , C <Oi^MHett SA, 

rf a^tt*«*afc»Lra5«ttfln?*ote 0 

co/f C tol SH38RGM GM BftRB^S:ft*t5 
7r^ t mt& CBPC, GM, DKB, KM, NM feiffcJtfU 

H RF «c»U-C*KBitH-e*5, PL-B tcfcfL 

2. (SfflSttO bacteriocin ^»rE (Table 2) 
Serratia <D&MMlfe<D bacteriocin co/i C 
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Table 1. Antibiotic sensitivity oi'Serratia "and" E. -«j/*-strains- 



Strains 










MlC^g/ml) 










TC 


CP 


SA 


SM 


CBPC 


GM 


DKB 


KM 


NM 


PL-B 


RF 


Serratia H38 


50 


12.5 


100 


6. 25 


>1600 


0.78 


6.25 


3. 13 


1.56 


>400 


6.25 


Serratia H38RKM 


50 


12.5 


100 


6. 25 


>1600 


0.78 


6.25 


1600 


400 


>400 


6.25 


Serratia H38RGM 


50 


12.5 


100 


6.25 


>1600 


100 


>100 


1600 


400 


>400 - 


6.25 


E. coli C (rif<) 


6.25 


3.13 


100 


0.78 


3.13 


0.2 


0.39 


0 . 39 


0.78 


3. 13 


>400 


E, coli C tol SH38 


6. 25 


3.13 


100 


0. 78 


3.13 


0.2 


0:39 


0.39 


0.78 


3. 13 


>400 


E. coli C tol SH38RGM 


6.25 


3. 13 


100 


0.78 


800 


50 


100 


200 


100 


3.13 


>400 



Antibiotics: TC; tetracyclic CP; chroramphenicol, SM; streptomycin, CBPC; carbenicillin, GM; gen- 
tamicin, DKB; debekacin, KM; kanamycin, NM; neomycin, PL-B; polymyxin B, RF; rifampicin. 



(rif*) KLttUTtftM^^LfcidS E. coli C tol SH38 
t E. coli C tol SH38RGM tMttttlfti^^^ 
/i^ofco E. coli C tol SH38 & E. coli C tol 
SH38RGM (O bacteriocin i&n, E. coli C (riff) &C*t 

Table 2. Bacteriocin producing ability of Ser- 
ratia and E. coli strains 



Bacteriocin 



Bacteriocin sensitivity 



SI S2 S3 El E2 E3 

51 - - - + - - 

52 ' - - - ■ + - - 

53 - '- - + - . - 
El - 

E2 ----- - 

E3 ~ - - ~ ~ ~ 

-K sensitive to respective bacteriocin 
— : resistant to respective bacteriocin 
Strains: SI; Serratia H38, 
S2; Serratia H38RKM. S3; Serratia H38RGM, 
El; E. coli .C-(rifr),..E2; E. coli C tol SH38, 
E3; E. coli C tol SH38RGM. 



lT^S^I^$^35^/'c 0 i-ft*?*> Serratia <n%r 
ntfi&te, *>Z>m<0 bacteriocin g£#g£*-^£®^ 
E. coli C tol SH38 t E. coli C tol 
SH38RGM fit, Serratia (O %-WMW£&m$i1r Z> 
bacteriocin fcJBttB bfeoX^Z j&\ ^rixgf*i±^ 
co bacteriocin M&tte&^Vte^W^-V&^tCo 

3. myvgtti<niktt 

&mm&<Ditmm<o-i£3Lt:mi$<?> btb 

colony ttttfflispS-CWfc** 5 *:*^^: (Table 3) 0 w 
<OZL t -=£<OlSfiO colony &$ri^ 

Ufc (Table 4) Q E. coli cQiHO^fflStR 5 ?*^^^ 
m Serratia <D colony m*, i>±TlQ 
felTOofcc Serratia Oilie«S«¥fiT?©41' 
E. coli CO colony gfctt, ^XlOUTTfe^fco, BTB 
Tfit'liJLtSj^Waw ^ coli ISftfeO colony 
ScL, 3$ftffiW<0 Serratia tt&feco colony 



Table 3. Comparison between BTB agar and selective plate at colony count of each strain 



Strains 



No. of colonies of each strain. at 
each agar plate (mean±S; D., n=5) 



BTB agar 
Plate 



PL-B 
plate 



PL-B, GM 
plate 



RF plate 



Serratia H38 
Serratia H38RKM 
Serratia H38RGM 
E. coli C tol SH38 
E. coli C tol SH38RGM 



139±26 
159±28 
146±13 
123±10 
89±18 



146±13 
139± 6 



139± 6 



123± 4 
85±12 



Selective plate 

PL-B plate: BTB agar with 12.5 /ig of polymyxin B per ml. 

PL-B, GM plate: BTB agar with 12.5 /*g of polymyxin B per ml and 6.25 /ig of gentamicin per ml. 
RF plate: BTB agar with 25 fig of rifampicin per ml. 





m ' Serratia m&&%&toWtmWt 
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Table 4. 




Selective plate 


Strains 

(0,1 ml of over night culture broth) 


* iNo. oi colonics 
(mean±S. D., n=5) 


RF plate 


Serratia H38 


3±3 




Serratia H38RKM 


3±2 




Serratia H38RGM 


3±3 


PL-B plate 


E. coli C tol SH38 


1±1 




E. coli C tol SH38RGM 


2±2 


PL-B, GM plate 


Serratia H38 


o±o 




Serratia H38RKM 


0±0 



Selective plate 
RF plate: BTB agar with 25 u% of rifampicin per ml. 
PL-B plate: BTB agar with 12.5 /*g of polymyxin B per ml. 

PL-B, GM plate: BTB agar with 12.5 fig of polymyxin B per ml and 6l25 US of gentamicin per ml. 



2 
> 



2- 



(n=5) 



"5 <T 



I — 

12 



— i — 

24 



B 

1. 



(n=5) 



T 



12 



24 



Incubation time (hr) 



Fig, 1- Growth curve of Serratia in single and mixed culture A: single culture, B: mixed 
culture. 

Simbols: • \ Serratia H38, ■ \K coli C tol SH38 



sot', rtiaw«=:ii#oafcaw5s*t?*>So i-^-fe 

colony 4:»J«i-*O^T** So ^tvfe colony 
tt^I,fr£^SyT*#£tRT*fc£a>fe, SRTSttoi 
«»fclB0*+5(O|c4#fc*ttr4/j:v^i:%^ fetus. 

GM «tt Semifw oMi^JBSiR^-ete. GM Jft 
g&<£> Serratia H38, Serratia H38RKM te±< col- 
ony UlKASftjft^fc. ^(0;ii:li3fr^^OgR?ffiT* 
colony S:»jRi-S Serratia »i GM fifrft Serratia t 
^pcfeft, GM Wt£ Serrate OWfi^aSlRTK^* 
Ufc Serratia <D colony SfcS: GM JBtfc Serratia 



a. l£&*gS, ig^tga^^ftS Serratia, E. coli 

1 ) &rrsffe OfgfitgS (Fig. 1) 

^O^Bfitt 3 ?^ 2.24±0.17 log cells/ml, 6fl$fflS 
X* 6.69±0.19 log cells/ml, 12B9IHB"? 8.82±0.08 
log cella/ml, 24B*MBT 8.93±0.10 log cells/ml fc 

(Fig. 1, A) 0 

fiSSSfc*3»J* Serratia OigfiH&iSH, @fflB# 
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B 



a. 5- 



(n=5) 



12 



24 0 
Incubation time (hr) 



12 



(n = 5) 

3T 



Fig. 2. 
culture. 
Simbols: 



i — r 

Growth curve erf £. co// in single and mixed culture A: single culture, B: mixed 



• \Serratia SH38, ■ \E. coli C tol SH38 



^(O^M^L^W-^ 2.24±0.17 log cells/ml, 6R#fl51B 
T* 4.12±0.24 log cells/ml, 12B#B3 B T? 5.85±0.19 
log cells/ml, -24B#P41BT* 8.07±0.18 log cells/ml i: 

ffiB^O^®®!* 3 ?^ 7.43±0.67 log cells/ml T\ 
6B5RaBtt: 8.29±0.23 log cells/ml fcfcffSISfflfc 
ILT^: (Fig. 1, B) 0 

2 ) E. coli O^mSS (Fig- 2) 

«4Sfitt s Pft 1.91±0.22 log cells/ml, 6^BSB"T? 
4.26dr0.25 log cells/ml, 12B*H B t? 7.86±0.19 log 
cells/ml, "24»Po1 B T- 8.16±0.17 log cells/ml t 
(Fig. 2, A) 0 

(OiHftttTJft 1.91±0.22 log cells/ml, 6-ffiMHB"? 
3.89±0.15 log ceUs/ml, 12«pHBT: 5,13±0.17 log 
ceUs/ml, 24BSfffll-t? 7.65±0.12 log cells/ml f£B# 

^TV*fc 0 — ?5<r> Serratia tX&M 
BS^rO&Bftli 3 ! 2 ^ 7.25±0.25 log cells/ml X% 6 
RUMHBfc. 8.44±0.31 log cells/ml tUffSflfJH^a 
UTV^fc (Fig. 2 ( B) 0 

C*U<=.^ja««:5ftb"C*-Si: ( Serratia $2£X$ 
E. coli <0*gm&&&, *tl?tl#W£&ktiM\*X, 



»ihi-*C 1 1£ < , *g»24H*PBT B T? 10 s cells/ml It 

b. GM igftlO Serratia {Serratia H38, Ser- 
ratfe H38RKM) A:, GM iftRS?ifitt5 E. 
coli C tol SH38RGM t 

1 ) HI broth fc*5tt£i!g-&*Sa 

a) S^itLT Sferratfa H38 Srffifll Ufcffi'&*S 

(i ) Serratia H38 10 7 cells/ml+S- eotf 10 7 cells/ml 
OSB-&««(UT S 7 E 7 SPBfciSW)^** (Fig. 3) : 
Strrstifl oflmsai*. »*»B«f*o^B»tt^ 
6.76±0.23 log cells/ml > 'iR'&#tt«6B$BBT? 
8.36±0.15 log cella/ml fc5&»JDii£ < oSSfcllf 
v^fc. 10f£#IR?£<o&Stt, *«Jft6flrlWB-C*"^ 
' SftW: 5 ^ B.31i0.14.log cells/ml, 12B#MlT?. 
8.66±0.16 log cells/ml, 24S#IH B 8.71+0-16 log 

1 cells/ml t * 
filftl2^MB*'^fcjE < »W^*L^ v ^« 

£. cofc Oi(i«fiBiHt. O**** 3 !* 
Jfc 6.88±0.08 log cells/ml, 6 WfPpI B 

8.31±0.15 log cells/ml £ 3E*»o*«K:a It ^ 

te. io«*«i*oaatt. #r«6esih a 

tttt 3 ?* 7.94±0.11 log cells/ml, 12B*Pai:t* 
8.26+0.21 log cells/ml, 24KMWB-C 8.18±0.23 log 
cells/ml fc a^jO»fc#ttftttS:zSU * 
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£ 5- 



<n = 5K 



0 o . 6 6^ 12 

Incubation time (hr) 



24 



Fig. 3- GM resistant R plasmid tranfer bet- 
ween Serratia H38 and E. coli C tol SH38RGM 
in HI broth (inoculum size: Serratia H38 10 7 
cells/ml, E. coli 10 7 cells/ml). 
Simbols: 10-fold dilution with HI broth, 
• ; Serratia H38, 0;GM resistant Serratia, 
m ;E. coli C tol SH38RGM. 



W*w^H'r4^^#fflfc-a-DTVAfc-- — 

GM m\k Serratia *3S»ttfeS£fbtt, e£-&ttt£ 
6B*IHIBT-*«&B»tt¥* 3-39±0.28 log cella/ml 

*<0£®&tt¥^ 3.61±0.34 log cells/ml, 12&HB 
X* 3.55±0.46 log cells/ml t 24^Rfl B t? 4.09±0.15 
log cells/ml iSB*«j**intt»flE-e*ofe. 

(2) Serratia H38 10 3 cells/ml +2£ a>/i 10 7 cells/ml 
ofi^«tt(WT S3E 7 tttt£*ft)<0»6.(Fig. 4) : 
Sferrrtfe co4f9t&£», 'fi £ 1MB** 
2.76±0.23 log cells/ml, «fi"SMlf£ 6 fl*HI S 
5.41±0.09 log cells/ml t ' 10 3 cells/ml -£<Dm$$Ltc 

^O^MfctA^Fi^ 7.46±0.09 log cells/ml, 12H$3flS 
T* 7.74±0.36 log cells/ml, 248$KST? 8.66±0.19 
log cells/ml ta«rftft*5IbfedS. #«ft6B#BI 

coli (ommi&i&te, «-frSHI»-t 
i% 6.88±0.08 log cells/ml, flftttK6@Mlt 
8.24±0.18 log cells/ml i5g*)B©B»fcaLtv> 
/To l<MS*«»^«Hi«t, *««6R*HIB-T?*s>a=B 
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T 



<n=5) 



~5 6 0 6 12 

Incubation time (hr) 
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Fig. 4. GM resistant R plasmid transfer bet- 
ween Serratia H38 and E. coli C tol SH38RGM 
in HI broth (inoculum size: Serratia H38 10 3 
cells/ml, E. coli 10 7 cells /ml). 
Simbols: *;10-fbld dilution with HI broth, 
• ; Serratia H38, o;GM resistant Serratia, 
■ co/i C tol SH38RGM. 



too 8- 

o 



5- 



(n-5) 



6 0 ~6 12 

Incubation time (hr) 
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Fig. 5. GM resistant R plasmid transfer bet- 
ween Serratia H38 and E coli C tol SH38RGM 
in HI broth (inoculum size: Serratia H38 10 7 
cells/ml, E. coli 10 3 cella/ml). 
Simbols: *; 10-fold dilution with HI broth, 
• ; Serratia H38, o;GM resistant Serratia, 
■ \E. coli C tol SH38RGM. 
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Efe**E*»tt, 34 (4), 0S61 • 8M 



®Ln¥-&9 8.28±0.09 log cells/ml t^ffil^iLT 

6«pBaB-C?*O^SaB 3 F^ 1-48±0.61 log cells/ml 

•*rO£M$fci* 3.23±0.22 log cells/ml, 12B*|fflB-0 
3.98±0.07 log cells/ml, 248*13 B-"C 4.75±0.12 log 
cells/ml £: Serrafia fctfHWUTffiSWK: 

.mmvtc* 

(3) Serratia H38 10 7 cells fml+E. coli 10 3 cells/ml 
Ofi-&««(fcnF S 7 *? Stt«r»)^^ (Fig. 5): 
Serratia 0>itijBS&jfli±, fi^JMI**^*^* 5 ^ 
6.76±0.23 log cells/ml, fi^*«ffe 6.B#H1B "t» 
8.69±0.14 log cells/ml fcffi*JH<0«R*C3* 

fitt 3 ?^ 8.71±0.09 log cells/nil -fc 5E'ftJHKl& UT 

R coli d^m&igte. 
* 2.88±0.08 log cells/ml, IpMS 6 BSTb] S ~C? 
5.23±0.13 log cells/ml t 10 s ceUs/ml -&wBH*fc 



'^D^Bfttt 3 ?'* 5;71±0.11-log cells/ml, 12^1 1~ 
t» 6.89±0.12 log cells/ml. 24B$RUiT- 7.72±0.22 
log cells/ml £*j>'&^a*fcitf*ftft*ra*U *$Rt£24 

6B*fiaBT»-t*>£B««: 1.80±0.55 log cella/ml B 

(OtMi^: 1.53±0.49 log cells/ml, 12B#f$@T* 
1.93±0,33 log cells/ml, 24B$fiaBT? 1.62±0.20 log 
cells/ml "<?*>!>, *IR»12«fBB B * £. 
art ^JittlRaJCfPtto-c GM Serrate* ttigjn 

t>a» GM »ft Serratia ti— ^D^tJST-fo 

b) gfgBtLT Serratia H38RKM £r{£fflbft: 

|i) Serratia H38RKM 10 7 cells /ml+£. coK 10? 
cells/ml O*!^®^ (WT SK^E 7 ««£'tt«0 <D* 
<& (Fig. 6) : Serratia, E. coli o-trt^Jh^JBXfiBBte, 
S 7 E 7 fttt(0»-&i:»ittRia«)*B*ftafe*Ufco 

GM ftH± Swmfta «0»B#65feffi{tH. ii^^S^ 
SB^S^^^^BSttt 5 ?*^ 1.84±0.09 log cells/ml 




Incubation time (hr) 



Fig. 6- GM resistant R plasmid transfer bet- 
ween Serratia H38RKM and £. coli C tol 
SH38RGM in HI broth (inoculum size: Serratia 
H38RKM 10 7 cells/ml, E. coli 10 7 cells /ml). 
Simbols: 10-fold dilution with HI broth, 
m\Serratia H38RKM, O ;GM resistant Ser- 
ratia, ■ ;E. coli C tol SH38RGM. 




0 6 0 6 5 li 



Incubation time (hr) 

Fig. 7. GM resistant R plasmid transfer bet- 
ween Serratia H38RKM and E. coli C tol 
SH38RGM in HI broth (inoculum size: Serratia 
H38RKM 10 3 cells/ml, E. coli 10 7 cells /ml). 
Simbols: 10-fold dilution with HI broth, 
m;Serratia H38RKM, o;GM resistant Ser- 
ratia. ■ \E. coli C tol SH38RGM. 



W : Serratia 
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Bat) btvfco 10fe*jRft(^«ai£~ #R|fe6 "i#M§ V 
1.95+0.26 log cells/rni, 12fiFBaiT? 1.70+0.24 
log cells/ml, 248$fia§ T* 1.06+0.12 log cells/ml x 

ixti:f:^^v>iST'fcofc (p<o.05). +&fc*> 

GM j»& S^fra/w ft, 6 I^H.S £Jl|«»&^ 

(2) Serratia H38RKM 10 3 cells /ml +£. co/i 10 7 
cells/ml OSdSflt (tlT SK 3 E 7 gSirlfl&ffc) co^ 
fi- (Fig. 7) : Serratia, E. colt mrtl*?tVQ*IS1&Bsj&i'± l 
S 3 E 7 mo««^»£tfn«0!>iMttSjgS:i^U^. 

GM i§*£ Serrate* coS^ftftS<ttt t 
6&rfflUx~ft±m$kte±M 10 cells/ml WTt»«03Et» 

*0*«ftfiT% 1.06+0.12 log cells/ml, 
"C* 1.20+0.18. log cells/ml. 24B#P B g , B'T? 3 F*& 
1.27+0.40 log cells/ml X& 9 , 6 i Ufe 

fi 10 cells/ml mJ^T— £ UT*s 9 , «B*ftfcii;&Q *i 

(a) Serratia H38RKM 10 7 cells/ml+£. coli 10 3 
cells/ml Oi^gi (J^T SK 7 E 7 j£«J:fl&fr) <D^ 
(Fig. 8) : Serratia, E. coli 0-£*v-?JxO*g*t&jgtt,. 
S 7 E 3 *ao»^tKKH«.Oif?llKat^Lfco 



o& 8- 
o 



a. 

jfl 5" 



(n=5) 



X 0 6 12 

Incubation time (hr) 



17 



Fig. 8. GM resistant R plasmid transfer bet- 
ween Serratia H38RKM and E. coli C tol 
SH38RGM in HI broth (inoculum size: Serratia 
H38RKM 10 7 cells/ml, E. coli 10 3 cells/ml). 
Simbols: 10-fold dilution with HI broth, 
m;Serratia H38RKM, o ;GM resistant Ser- 
ratia, ■ \E. coli C tol SH38RGM. 



Table 5. VilHjle ~ceiTs~S^ 
ratia at 6 hr after inoculum and at 24 hr after 
10-fold dilution in HI broth associated with 
each combination of inoculum 



Combination 
of inoculum 



Viable cells of GM resistant Serratia 
(log cells/ml, mean±S. D.) 



At 6hr 

after inoculum 



At 24 hr after 
10-fold dilution 



STS 7 

S^E 7 

S 7 E 3 

SK7E 7 

SK 3 F7 

SK 7 E 3 



3. 39+0. 28 
. 1.48+0.61 
1.60+0.55 
1.84+0.09 
not detectable 
not detectable 



4.09+0.15 
4.75±0. 12 
162+0. 20 
1.Q6+0. 12 
1.27+0. 40 
not detectable 



Inoculum size 

S 7 : Serratia H38 10 7 cells/ml, S 3 : Serratia H38 10 3 
cells/ml, 

SK 7 : Serratia H38RKM 10 7 cells/ml, 
SK 3 : Serratia H38RKM 10 3 cells/ml, 
E 7 : E. coli C tol SH38RGM 10 7 cells/ml, 
E 3 : E. coli C tol SH38RGM 10 3 cells/ml. 

GM Serratia 12, lkm&£rmfeB& t % 10 

cells/ml UTTiH5£-C*fcj&>o;fc. 

Serratia ^(O GM iHttREa^^fiJIfettWt-Sli 
&3X\ GM ffii-te Serratia <T>£M$k$:l& > &W&<0&m 

m^&fritmc, : m&mm&6!%m3, iofg*&#**24 

a#P*l'T*JtttLfc (Table 5), 

GM iiRH^^Itfc Serratia (OStfcJgiJ*c 

ikii-tzatQx% m&mm 6 mmBx-<D gm wt£ 

Serratia <^£M3S£ S 7 E 7 gffit SK 7 E 7 mUtXit 
BtT*fc.'GM ffiftt Serratia eo^BftW:**^^ 
3.39+0.28 log cells/ml, 1.84±0.09 log cells/ml X 

to v . sk 7 e 7 &n<om&\**£mm*w h**tci& < u 

^Tv^Aic i-'fefe*, KM it4RB^S:ft#t5 Ser- 
rate H38RKM i*. GM MI4R B^F 

Serratia H38 tlt^UXj^J 10" 2 @&{£<#oT 

Serratia — <^R@+Ofeffi£r*!-8-&ffi®;i^&^'£ 

GM ffittt Serratia <D£.M£fr£ S 7 E 7 g^g, S 3 E 7 
S 7 E 3 g&ffi/jrifT*it®EL-X^-/to GM lift Serratia co 
temSLttZhViiYm 4.09+0.15 log cells/ml, 
4.75+0.12 log cells/ml, 1.62+0.20 log cells/ml X 
$> V), S 3 E 7 ^ttcO^^cO^titgcbX^O^ 
SSfit&^^ofc (p<0.05)o T^^fb GM itt 
RH^tO S^j/m — S 3 E 7 
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mb-k&Emtm, 34 ( 4 ), ngei • 8 ^ 




(n=5) 

1 1 1 1 

.0 6 12 24 

Incubation time (hr) 

Fig., 9. GM resistant R plasmid transfer bet- 
ween Serratia H38 and E. coli C tol SH38RGM 
in HI broth containing GM (inoculum size: Ser- 
ratia, H38 10 7 cells/ml, E, colt 10 7 ceils/ml.) 
Simbols: ♦ ; 10-fold dilution with HI broth con- 
taining GM (final GM concentration, 100 
Mg/m\), + \Serratia H38, Q;GM resistant Ser- 
ratia, a \E. coli C tol SH38RGM. 

2 ) GM m^J^* HI broth tctetf Z>m&*%^. 
a ) gglt IT Serratia H38 SrttJfl UfcB'&JS 

* 

(1) S 7 E 7 gicoi^ (Fig. 9) : Serrato Offififia 
ii, GM — it^toiftiif * 

7.36±0.15 log cells/ml T'fo^tzfi*, HBffli* Serratia 

|^6^r^ tli41SHW 3.96±0.20 log 
cells/ml, 12P#HI 3 X 5.65±0.30 log cells/ml, 24&HI 
a-C 7.62±0.12 log cells/ml £ , Serratia 6 B$H 
llU^^S^^®.U"C^^^o GM iHtt 5«ta/w 
'tt. GM #1f*gf^~JR«l**<D£Hl»tt 3 P^ 
2.39±0.28 log cells/ml -cfcofedS. 6 KM i X* 
3.85±0.34 log cells/ml, vmm B X 5.65±0.30 log 
cells/ml, 24B#Pa1 g X 7.59±0.12 log cells/ml Xfe 
0 , 6 B$Pb1 g l^Bfctt Serratia h GM Wtt Serratia t 
"C9tH»Kiad^«)'b*tftja»^fco *f*fc>*> GM 
^igSf^Xte, GM S5gttBo Seratia **?E*U 



t GM ftt£ Serratia -^a*?WKl-±-aF*-5 , -*$>&-^ 

O^Sifc^^ 7.31d=0.15 log cells/ml X&ofc^, 
6B3P*ggX 8.10±0.19 log cells/ml 4: »il*ffi#JH»c 

(2) S 3 E 7 &m.<D*£^ (Fig. 10) : SBrraftz OiH*K 

ifflffiJO^frc GM **Jgtt^*MB* Serra/ia 
^Sati 3 ?* 4.51±0.13 log cells/ml f4>-3 fc'di, 
tDXHtt Serratia i'*>Ltv>ofc 0 U^6Mg 
-e^O^fift**^ 1.99±0.72 log cells/ml, 12B*« 
B X* 2.87±0.94 log cells/ml, 24B3RI] 1 X 6.59+0.77 

log ceiis/mi t , 6m^sam±^>^^ti:mm^u 

6jSL-caftftfc**UtV^fc« GM jfttfe Serratia 

« gm ^^s&^sa^^^^^** 5 ^ 

0.30±0.53 log cells/ml -Ck^fcj&i, 6 B$FpT B X 
1.98±0.73 log cells/ml, 12ffSPiUgX 2.80±1.0 log 
cells/ml, 24&#R3BX 6.35±0.76 log cells/ml -r»fc 
9 , 6 ftfa B WMM* Serratia t GM Wtt Serratia t 

n^Lm<om^ GM ftttffi^ Serraha 

<£>£M$aSi*Pi£> 4.46±0.13 log cells/mi T**>-?fca*, 
Serratia i*?E&c LX v^S 6 B#fH3 B X-t <oi«»llB«> 
&*t**»ofc. GM Serrufw H, GM tt^l 

*<, gm **jg«»^«a»'tw±Bt*tt-t^ ; e 

h, 5 ?^ 7,32+0.20 log cells/ml, 7.0±0.28 log 
cells/ml XfeoZ-aS, 6 B# H B T? * ft, *b 
8.16±0.20 log cells/ml, 8.12±0.11 log cells /ml t 

(3) S 7 E3 ftt^i^ (Fig. 11) : Serratia Ofg^S 

$t#ya>9#UX-. ^t*t UXtt^E«fflli:ft5«'&3&s#3& s 

3«effl|£>W-&fc: GM <§-**gS^&— Serratia 
OiSJRttT^ 7.74+0.11 log cells/ml 
£jJt§t± Ssrrflrxa ^ilc'> LXV^ o fro L^U6B*HB 
-CJ&O&Bft^sP^ 2.33±0.29 log cells/ml, 12B$AS 
B X 4.76±0.04 log cells/ml, 24^Ff^ g X 7.31+0.19 

log ceiis/mi t. d^ruBkxmt&^m^mmLx^ 



m '-Serratia gft£ft£«>£Kfi<j9r£' 
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0 6 12 24 0 6 12 24 

Incubation time (hr) 



Fig. lO. GM resistant R plasmid transfer between Serratia H38 and E. coli C tol 
SH38RGM in HI broth containing GM (inoculum size; Serratia H38 10 3 cells /ml t E. coli 10 7 
cells/ml) A: growth pattern, B: death pattern. 

Simbols: 10-fold dilution with HI broth containing GM (final GM concentration, 100 
jug/ml), • ; Serratia H38, o ;GM resistant Serratia, ■ \E. coli C tol SH38RGM. 




Incubation time (hr) 



Fig- 11. GM resistant R plasmid transfer between Serratia H38 and E. coli C tol 
SH38RGM in HI broth containing GM (inoculum size: Serratia H38 10 7 cells/ml, E. coli 10 3 
cells/ml) Ar growth pattern, B: death pattern. 

Simbols: 10-fold dilution with HI broth containing GM (final GM concentration, 100 
/ig/ml), \Serratia H38, O ;GM resistant Serratia, m ;E, coli C tol SH38RGM. 
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l£A**BE*»ifc, 34 ( 4 ). (661 ■ 8 R 



5- 



i 2 - 



nr 




(n = 5) 



12 



24 





Incubation time (hr) 

Fig. 12. GM resistant R plasmid transfer between Serratia H38RKM and E. coli C tol 
SH38RGM in HI broth containing GM associated with each inoculum size. 
Inoculum size: A ; Serratia H38RKM 10 7 cells/ml, E. coli 10 7 cells/ml. 

B ; Serratia H38RKM 10 3 cells/ml, E. coli 10 7 ceUs/ml. 

C ; Serratia H38RKM 10 7 ceUs/ml, E. coli 10 3 cells/ml. 
Siinbols: * ; 10-fold dilution with HI broth containing GM (final GM concentration, 100 
/ig/ml), •;Serratia H38RKM, Q;GM resistant Serratia, ■ ;E. coli C tol SH38RGM. 



/t 0 GM »tt Serratia r± GM ft*««*^«W9* 

<D£&&l-±¥-tiB 0.64±0.64 log cells/ml Trfcofcj&V 
6B$f B 1lt- 2.37±0.26 log cells /ml, . 12RMHI g X 
4.77±0.15 log cells/ml, 24B*MB-C 7.29±0.15 log 
cells/ml T*& 9 . 6 8#Pp1 3 fcJLBM* Serratia £ GM fi 
Serratia K'tS^H^^^W*^/^ 
?E®#UcQ3&-£-K: GM -£1figS?&^JgS0# Serratia 
OflyHJttH: 5 ^ 7.51±0.21 log cells/ml T?*>ofcflS, 
Serratia ii^ESc LTV>$ 6 H#PeI] § T*£JM3tttE«> <bix 
ttfr^fr* GM »t£S«wft7i wt f GM 
!SKIH#Jt<o£.B«tt: s F*& 0.98±0.39 log cells/ml IS 

£ coli <DmMfe&\*^mmkiKwmkx&fcmfr 



4<, GM ^JSafc^ftfclS^iBfttt**^ 

*l 4.19±0.13 log cells/mi. 4.26±0.15 log cells/ml 
T?2feofc*i f 6H9IBBT?*;h,**u 6.98±0.12 log 
cells/ml 6.95±0.17 log cells/ml, 12»Ma^**t* 
h 7.80±0.10 log cells/ml, 7.92±0.22 log cells/ml, 
2Am?£ B "t?* 8.11±0.07 log cells/ml, 

8.03±0.17 log cells/ml T?*> B , 4: % K112WMB1 § 

attttffiBa. aUt^J&SiK* (Fig. 5) fcJfcttOT 
GM-^ttfift^-ett Serratia OtlSiSR^tS 

b) f^ltl/T Serratia H38RKM £:{£JBU*i 
(Fig. 12) 
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Serratia <D ffi ^^WA^SJ^Emm, 
SK 7 E 3 *«0*«^fct^«lA^«ffllt?*>D. 
6RfHST-^rO^HtattE«>e>*u^36*ote w GM ^ 

#ttBS© GM Serratia 0D±tt&IS, 
SK 7 E 7 j8«0«-&W:^ 0.84±0.09. log cells/ml U 
fc&i-vfcas. SK 3 E 7 SRTE 3 «&4>«-&tt£B 

£. con <nmmm&\* sk 7 e 7 sk 3 e ? 

SK 7 E 3 ftftft Iftefcv^, STE 7 jgg, S 3 E 7 

S 7 E 3 «a<Q»-&fc**tfRCifi«»agr^:U^o 

toM^^-e^s^, S 7 E 7 ««05«^tt^«JiJtt 

**^»4"8«a^*«^fc&. S 7 E 3 tttto«*tt 

fcffl»Hfc*«a*sBaftf,ixfc (p<0.05) o i-fefe*, 
S 3 E 7 «fiO««»d:4«ffll £ 5»«h&5£ < , S 7 E 3 £ 

Serratia H38RKM £rffi^ I, %^mm<D 

t5S«-C, GM ***&*«E-ft«Wp^ GM 
Serratia, Serratia, E. coli ^#lSS<^£li$fc£:, g-n 
#«^fi*£fc*aite". £fc Semitic <OfHfiJgi]Ki* 
WSrinitfc (Table 6) Q 

GM Wtt Serratia <D±m$kXfr-% t , *gfitffilT*& 
5 S 7 E 7 ftttoW^ttiSaStttW 2.39±0.28 log 
cells/ml fc+#*MktfB»&^fe. S 3 E 7 W^<DJc 



17 sk 3 e 7 ■SK^-ftaio-***^ trGM-»- 

& Serratia «*Ba& fciLfc**^ fcAs V^^LO^^t 

£<*5 S 7 E 3 &8, ^«?EK0|O SK 7 E 7 

V*i**Lt> GM Hte Serrafia <A£®£ili 10 
cells/ml UT-frfcP, -tO^»*<OltttT?attB«> 

itWtffll^v^ S 3 E 7 M, 9HRftftS£v<> S 7 E 3 gl, 
^«^?E«iiWO SK 7 E' &iE<D£-*§££; Sfcrrofe 
■IS^ttttLT'^Sfc, S 3 E 7 Stt^^^fi 10* 
cells/ml i3X*i>2>0>KttVX t S 7 E 3 ftg, SK 7 E 7 & 

no&£t**ti?ti io 7 ceiis/mi tz^mmtwh 



m 



i. mmK<ntts.itmiz-?\,*x 

Serratia, E. coli (D^te^m k Sti«S SrfrV\ 8 

ttWfe3&*#Cii3CUTV>fc (Fig. l, 2) a 

t>%;te>*b5o cixfclibT i?. coli't P. 
aeruginosa ^I^ltli £*. <wff <0&m*kbrtX P. 



Table 6. Viable cells of each strain inoculated in HI broth containing GM associated with 
each combination of inoculum 



Combination 



Growth pattern 
of Serratia in 



No. of 



Viable cells of each strain 
(log cells/ml, mean±S. D.) 



of inoculum 


HI broth 
containing GM 


experiment 


GM resistant 
Serratia 


Serratia 


E. coli 


S 7 E 7 


growth 


5 


2.39±0.28 


7.36±0. 15 


7.31±0. 15 


S 3 E 7 


growth 


8 


0.30±0.53 


4. 51±0. 13 


7.32±0. 20 




death 


3 


not detectable 


4. 46±0. 13 


7. 00±0. 28 


S 7 E 3 


growth 


2 


0. 64dz0. 64 


7.74±0. 11 


4. 19±0. 13 




death 


9 


0. 98±0. 39 


7.51±0.21 


4.26±0. 15 


SK 7 E 7 


death 


5 


0.84±0. 09 


7.37±0.32 


7.21±0.21 


SK 3 E 7 


death 


5 


not detectable 


4. 35±0. 21 


7. 29±0. 34 


SKTO 3 


death 


5 


not detectable 


7. 63±0. 10 


4. 11±0. 15 



Inoculum size 
S 7 : Serratia H38 10 7 cells/ml, S 3 : Serratia 
SK 7 : Serratia H38RKM 10 7 cells/ml, SK 3 : 
E 7 : E. coli C tol SH38RGM 10 7 cells/ml, 



H38 10* cells/mi, 
Serratia H38RKM 10 3 cells/ml, 
E 3 : E. coli C tol SH38RGM 10 3 cells/ml. 
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xbiz&mmim. 34 (4), 0S6i • br 



aeruginosa 

?KS:^V N T P. aeruginosa tti85fiSi.il: 

T*H8tt5Ba*ttv^ 0 c<o,£K:o^Ttt, »«JB« 
L,T-m&^, 10 9 - 7 cells/ml teLLO coli S:Mt^ 

fcSKRU co«BI!&«KfeMiftKi:v*v\ coll?: 

jiUfettSB-rfc^-cfc, ftMttfc^ ****** 

(ttTRKftHt**) *oB«lH 
-Ctt, "±fc©^i£Sfl*^»JS»Hlfc LT»*«*B 

tiSSS^ E. coli 10 9 cells/ml 
Jfitf>JS#«4*te:, *<0R^&®<0 £. co/i £ 10 3 
cells/ml &TT-£ffiL/E:^£\ Wl^tR^ 

cells/ml fclT^ ; <bfc^fc 

S#®^^ffl3t-*>o-Ci#51^f?lLUTV^^»^^i, ft:. 
fc^RtftftBoattAS^jr^^aB-tfaboT*. 



di* < *u#fc 6 I* if R < #MM U 
g^B0S»Waa8&igK^R^B0ii5iSrf?ib^-it 

So 

co/i if±U«)i:t5Brt»* * aeruginosa /jrifli, 
bacteriocin ££B*** < .B «> <b *b * ".«.m.k> 0 
bacteriocin teffi<Ofill^SfflaS£&®i"£3£&^tt 
B*1f-0*>S>. C^tc»+SjK*ttBtt bacteriocin 
«»«fe£ttTJi*j&*PJ»3*'*c. kictt&a E. coli 
t P. aeruginosa t <D*g-£-*gSfr- *3^T, coli <D*m 
K» P. aeruginosa <aW <• 
aeruginosa R coli ^a$#fcS*tTtf*3&smilS;h. 

8Srt-co^jS»aK:e{tdsica 0 -+fefc'^*SBo 

2. SSaS^S^<7> Serratia s\<D R E^CDfc^tCO 

Rgf SrWfoe^Bfc *r*i/££tt£: 5fi*Si^H 

+ 5 (a)HBWlKJt«!fl?i*« 
HrtfiORS^ DNA «o— *«0«*»fi*B^lRl^^t: 

ai5a.**tfci*a dna tcmmttts: dna 

Si^tuS (DNA 0^5g>ft, fc^<O^T)o 

o«oBBfc±otMt:2tt«. tt^BttloSHfc 
#oetJ*Bottttl^* l ft*S«*BS»cft* UT4#^^ 
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ftHB%£* if* fctf&JxT^S. -HBfc*BB*HM» 

ttofc tb RBfoeiflflif L < fiTt 5 
i.».ji.4mi) o affis^ttt, Mirto/?^i Fa* 

&&H<z>±fRk DNA o^XSrtefif SSttfeSo 

ftflPRafttttjBfi»*s^9^? Kteif<0*«« DNA 
-C, ^0te«K£§ttfc^#fS*c DNA Sr-ftR D 
cq DNA fe»*JUT^^sMIRW*fc»?-C^S 

feft^rra £1' <»/* C tol SH38RGM £(gJH U 
Wk LT&g3c7>gl#;£> 5eiTflftfl H38 ir^rtt^ KM 
i&Rif^L/t Serratfa H38RKM SrffijB U 
Tffl'&*SSS:fTV\ *;h,<beSB^<0 GM fftRg 

«BBfi#ffc¥B, g*Bit,+#tefc*«JK. + 
S'E 7 mmt SK 7 E 7 M-eMtL?:. S^M 
# Serra/tc H38 O S^ 7 &gco*§<B*f£ (Fig. 3), GM 
Smrtia e>£Bftfta£&tt& 6 B$H a 

3.39±0.28 log cells/ml t?*> 5 . ^0&^B$#j#tg 

jSttT^ 4.09±0.15 log cells/ml t $»IOftO. 01% 
Lj&»Rffi»BO GM J5j& Serratia fcffift^ixfca*-© 
S^Si- SwTrato H38RKM <o SK 7 E 7 &&co^ 
(Fig. 6), £88d? KM »H=RBHPfc«*UT*3 
5 , Serratia H38 fc it^LT^eo^a^ii 10" 2 S 



Serratia O^BftttTJfe 1.84±0.09 log cells/ml T 3 

*0±«fifi«^ LT10f5*JR»24WHI g Ttt 
1.06±0. 12 log cells/ml T*fcofc 0 — IKWfcttBSfc 
■SMSrttffithtf, RH^&£tf3^fcSSBj&s»r 

tfg^®*> 1 %fcLhatR«*Btefc * i: ffc^tv^ 5 

fcft < fc'P Jfcte** P #•< itfc^fc*, 

»»fc*TtR*»*iS*BBteiMaia+aWia^au^ 

fcJBfcJx-So ^fc-^T-KRe^^rfiJ^f-f-* Serratia 

— offfc^ffiwREi^fejatt, -toteaRa****** 

RKS^BfcSSB^SBBa^Jfflaas, 'SSBo 
Rtt«B^oK«i*fc*»fe*iLSfc#x.feJxS. * 

S 3 E 7 «B£ S 7 E 3 *Jt*t!ftWLT*fco' S 3 E 7 

««*>»^le (Fig. 4), RK«B-T?fe& GM »tfc 
rafia & Serratia ©i^Bfififc tttfHM LTfiB##jte 
^»PL, «ft«24ftM S -?^^4=S3£te¥^ 
4.75±0.12 log cells/ml T*£>o fc e C O C t ttS^B 
<D Serratia <D*gMlcft^. 8 RB^S: 

%<or*feS 0 d'bfc'RftftBtt, Serratia coi^JfiiSig 

S7E3 o^ii (Fig. 5), S^*g*oSii*^®UTS 
Serratia *s*ai*-5fe#fflte A>Sfe«>, R^^m 
O Serratia O^JPttfaffft^teJS^^Kl J: S t>^> 

o^Jifijiate^v^. RttSiB-efc'S GM »tt 

GM »^ Ma tt— 5£T-*> 5 , *iR«24B#fflBt? 
-tO^BftttSF*^ 1.62±0.20 log cells/ml -?&><>K.o 

RH^ofefii^x.T^^i:, RB«c*SB3asffi*U . 
T^TRH^SrWFo'W-^B^ftAi-SW^KiJtttL 
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mm sr^sc £ aij£^£*L 

*4>."T?tt f . GM fe*illU*:v>*'&4:JtttUTi««itt 
ft» 9 . * ^ (Fig- 11. 12 >- - fc L 

.Ttt, GM SSSteBe? Serraiia i'^SLT^t, * 

Serraiia j&s&S M 9 *tMa-f-*»& £ . Serraiia a*?0fft 

±fc*I8tt, GM -SWg**^**'*"*^ GM 

»tt Serraiia ^4I»t?fc5. GM lift Serrate <0 
4BI«36S*seK*>'*vWr f GM fi*tt Serraiia A* 

£S«9 jgJfce&te*g«lUT<^< (Fig. 9) 0 *fc GM 

Sirraffa tt?E»tTV^iB*t* (Fig- 12). 

U*)>U GM |r*igSR-iit5 GM Ser- 
ratia «£*#as#*|cd'*^»*tt. 

ft, S 7 E 3 SK^ 7 «*«#««H»k:*5^t 

tt, GM **«Sra^««i-* GM Wtt Smutis © 
3 ««MT-«fK:ft* s fc < . v*-p;h,4> 10 
cells/ml. i: - S^E 7 ««t?tt &r- 

nrta 9 S7E3 

flS£fcv*5cT4: <»ftofc8afeSUte(Fig. 10', 11, 
12)« 

21©?gftffifiWffl36W:, Serraiia GM »t& 

So GM ^*««*fctRsa+a <D£M$te. 



S 3 E 7 TfillO Wo tt~I0*- cells/ ml- t *i$fcfi*EK8<^ig - 
itfc^O«LT, S 7 E3&«£ SK 7 E 7 &«<D*g£ 
H:4a»»i^f*ii 10 7 cells/ml -fe <t #$t*g*IJffl& 
MB^Sft-efc^fe- GM <0«:H2Jfc* 9 GM 

*tz: Serraiia t % i><0 k^tLbfrZvSrE 7 

&mt SK^E 7 »a*>4B«-tt. GM #**S**~*«i 
.Sfttt Serraiia coSS^f^v^-C, Serraiia te. 
<fc& GM itS Serraiia — 0itt9Ij£PftliAtl%**3£ < 
■C^sc ^LT GM <&*lg«ft^. 

SH£i-S GM fltfcfc Serraiia OiMKtt^MSte^fcv* 
*?^T»4>Sa a €>, fctx. GM ittlTfcoTt** 
@*t* GM ©t(ta»«»»S:e-WftC Clefts- C 
JxKL^ff-f-S Serraiia <D^Mfflfflifo%:t*'bU*oZ>tz#>, 
GM WttB<0?B*i-S«AS*< 

S 3 E 7 GM ^*tg*®^ft«i-^ 

Semha 10* cells /ml t'>*<, Tfefc^O 

IS***"?* Serraiia Wt#- < £ JBtofr 

So i-tefc* S 7 E 9 SK'EMRa.O^oj:? 

s*± s 3 e 7 aasT?tt^^< <c 9. %<ofc#> gm 

So 

Serraiia K. J: 

z>m&&& < , ^9t * * t- - 

<40f>nt^S I ' 7 ' a - !UMMS) o ^fc Serraiia jfr$k&f 

WSS^IB : Ay"C^v>t>ti/S jff-lactum 3fttfL^*J* £ **B 

Wtt«t»*>S 9 *"' M) o Lfc^t iff-lactum &fn,&.M 
<D&mfc J: 9 »tt*"P**>* Serraiia frW*1&, fo2>v N 

Si^dAt Serraiia \C i 5R»S5»iffi&JKi:S* 

GM JOttt*^»tt'(t^tSSS**^^^<» 
ftSS^cilRB^co&|-^^^$nT^^ 6) 0 ^/^K 
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^-fth%m$&?\ l feSV^tt^g^y ^F*9 St- 
rata ^<DR&T<Dfcffi$;7F$t1-Z>%<Ob^x.bthZ> 0 
mm<O kZh Serratia tt f *RWtt£ UT£ < 

j&SJBl^ /Mactum ^St^^itt Serratia K.*H-*Stti 

B^K+kifffi-J-nwr Serratia ^oRBffelttft 
rafaz Mt, 7C*f2 Serrate tettB* fc*1-Stt£*Jfc: 
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Fundamental Studies of Urinary Tract Infection with Serratia: Interaction between 
bacteria of different genera and spreading of R piasmid to Serratia j 

Chikao MASU 

Department of Urology, Hiroshima University School of Medicine 
(Chairman: Prof. H. NIHIRA) 

Mixed culture experiments of Serratia isolated from clinical specimens and E. coli were carried out in 
order to examine (1) how the growth curve of each strain is modified in the coexistent medium, (2) how the R 
piasmid in E. coli spreads to Serratia and (3) how the antibiotics affects the mode of spreading of the R 
piasmid. The results obtained were summarized as follows. 

1) In the medium where increase of the population of bacterium attained to a stationary stage, the 
growth of another bacterium was suppressed, but did not stop. This indicates that, when grown in mixed 
culture, organisms of different genera interact with each other, but that each organism grows in a group along 
a growing curve distinct from that of the other . 

2) The R piasmid was transferred to Serratia isolated from clinical specimens less frequently and the 
population of Serratia having received the R piasmid eventually increased to a lesser extent. Regarding the 
transfer of a different R piasmid to Serratia already harboring a R piasmid, if piasmid incompatibility was 
seen, the population of Serratia with the new R piasmid decreased with time in some cultures. 

3) At the end of mixed culture of 24 hr, the population of Serratia having received the R piasmid 
cultured in the medium where E. coli grew to a stationary stage and Serratia was still growing, was larger 
than that in the medium where the situation was reverse. 

4) In cultures containing gentamicin (GM), the sensitive strain to GM became extinct, aiding multiplica- 
tion of the resistant strain to GM. 

5) GM resistant Serratia, at a concentration below 10 cells/ml. was inoculated into broth containing GM. 
with GM sensitive Serratia at a concentration of about 10' cells/ml, the resistant cells frequently died. When 
GM resistant Serratia coexisted with GM sensitive Serratia at a concentration of about 10* cells/ml, the resis- 
tant cells were able to survive and multiply. 

These observations indicate that Serratia remains alive in the environment containing antibiotics because 
Serratia itself is a strain resistant to antibiotics and that, therefore, the chance of mating with the strain har- 
boring R piasmid increased in the selective pressure of antibiotics, facilitating R piasmid transfer to Serratia. 
. It is suggested that Serratia having received R piasmid may survive selectively with the aid of antibiobcs. 



